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MODERN OPTICAL THEORY. 

An Introduction to the Theory of Optics. By Prof. 

A. Schuster, F.R.S. Pp. xv + 340. (London : 

Edward Arnold, 1904.) Price 15s. net. 

ROF. SCHUSTER has done excellent service 
to teachers and students alike by publishing 
this book, which fills a very obvious gap. It is an 
introduction to the theory, and purposely does not deal 
with details of methods of measurement or instru¬ 
mental appliances; these are properly left to courses 
of laboratory instruction. At the same time the 
necessity for experiments and observations is every¬ 
where present to the author’s mind. The book is not 
a mere mathematical treatise on simple harmonic 
motion; indeed, the analysis is generally easy, and 
purely mathematical difficulties are avoided. Prof. 
Schuster writes as a physicist. The physical meaning 
of the steps and processes employed is everywhere 
insisted on, and the student is made to think through¬ 
out. 

The standpoint of the author is best explained by 
two short extracts from his preface. After stating 
that the elastic solid theory of optics as developed 
in England by Green and Stokes has proved 
insufficient, he continues, 

“ Those who believe in the possibility of a mechani¬ 
cal conception of the universe, and are not willing 
to abandon the methods which from the time of 
Galileo and Needham have led uniformly and ex¬ 
clusively to success, must look with the gravest 
concern on a growing school of scientific thought 
which rests content with equations correctly repre¬ 
senting numerical relationships between different 
phenomena, even though no precise meaning can be 
attached to the symbols used.” 

And again, 

“ The equations which at present represent the 
electromagnetic theory of light have rendered 
excellent service, and we must look upon them as a 
framework into which a more complete theory must 
necessarily fit, but they cannot be accepted as 
constituting in themselves a final theory of light. 

“ The study of physics must be based on a 
knowledge of mechanics, and the problem of light 
will only be solved when we have discovered the 
mechanical properties of the ether. While we are 
in ignorance on fundamental matters concerning the 
origin of electric and magnetic strains and stresses, 
it is necessary to introduce the theoretical study of 
light by a careful treatment of wave propagation 
through media the elastic properties of which are 
known. A study of the theory of sound and of the 
old elastic solid theory of light must precede there¬ 
fore the introduction of the electromagnetic equations.” 

The book proceeds on these lines; the first part is 
almost entirely kinematica!; the second part deals with 
theories of light, starting first from an analysis of 
the equations of motion of an elastic medium; then 
passing to those of the electromagnetic field, and 
developing the two theories side by side as far as 
possible 

To turn now to some details. In the earlier 
chapters, in accordance with the views expressed in 
NO. 184ft, VOL- 7 l] 


the preface, the author deals with the properties of 
vibrating mechanical systems, e.g., the air in a 
closed space, or a stretched string. After some dis¬ 
cussion as to periodic motion in general, the equation 
of motion for an elastic body, propagating plane 
waves of distortion, is found in an elementary 
manner, and certain fundamental results are shown 
to follow from its similarity to the equation for a 
stretched string. Huyghens’ principle of the super¬ 
position of small motions is explained, and then the 
reader, after a chapter on the nature of light, is 
introduced to the principle of interference. 

The problems of diffraction are treated very fully, 
making use of the method of Fresnel’s zones; the 
method is modified by the author in a manner which 
permits numerical results of a high order of accuracy 
to be obtained without the introduction of Fresnel’s 
integrals. 

After an interesting chapter on diffraction gratings 
we come to one on the theory of optical instruments, 
in which the resolving power of telescopes and 
spectroscopes is carefully discussed. The theory of 
the microscope does not find a place in Prof. 
Schuster’s book; perhaps it belongs rather to the 
domain of geometrical optics. 

Fresnel’s theory of double refraction is given very 
fully, and it is based not on any unsound dynamical 
reasoning, but on the observed experimental fact 
that the velocities of wave propagation of a plane 
wave moving through a crystal are given by the 
axes of the section of a certain ellipsoid by the plane 
of the wave; this is clearly the right way to deal 
with this problem. When the laws of the propaga¬ 
tion of light in a crystal are once determined the dis¬ 
cussion of the rays and brushes due to the interfer¬ 
ence of polarised light follows easily, and thus we are 
led to Part II., which, as has been already said, deals 
with theories of light. 

The equations of motion are found both on the 
elastic solid and electromagnetic theory, and the 
simpler phenomena are considered from both stand¬ 
points. 

The weak points of the elastic solid theory, how¬ 
ever, soon manifest themselves, and for the rest of 
the book the equations of the electromagnetic theory 
are mostly used; in dealing with dispersion 
Sellmeyers’ hypothesis of sympathetic vibrations is 
applied to the electrons of a molecule, following 
Drude, and the usual expression connecting the 
refractive index and the frequency obtained; the same- 
method is applied to explain the rotatory effects of 
sugar and other active substances, and in a most 
interesting series of sections the Zeeman and other 
allied effects are dealt with. In the last chapter 
we have a discussion on the nature of light as the 
resultant disturbance arising from the individual 
vibrations of the molecules of the source. Enough 
has probably been said to show the nature of the 
book, but one characteristic should not be omitted. 
Prof. Schuster has included short historical accounts 
of the men who have made the science of physical 
optics. Among them we find the names of Young, 
Fresnel, Cauchy, Stokes, and Maxwell; the interest 
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of the book is increased by this course, and the 
subject made more human. 

In conclusion, it is perhaps sufficient to say that 
the treatment is marked throughout by the author’s 
well-known and admirable lucidity of style. Take, 
for example, the last paragraph in the book 
discussing the result which follows from the fact 
that as an extreme case for the green thallium light 
the periods of 88 per cent, of the vibrating molecules 
are identical within about one part in two millions. 

“ If you had a great many clocks, and found that 
taking their average rate to be correct, not more 
than one in eight would be wrong by a second in 
twenty-three days, that would represent the maximum 
amount of variation which one interpretation of the 
experiment allows us to admit in the case of 
molecular vibrations. But would any maker under¬ 
take to supply you with a number of clocks satisfying 
that test? If, further, it is considered that the limits 
we have chosen for the possible variations of 
molecular vibrations are far too great, we see that 
though Sir John Herschcl’s saying that atoms 
possess the essential character of manufactured 
articles is still correct, yet no manufactured article 
approaches in accuracy of execution the exactitude 
of atomic construction. We may conclude with 
Maxwell that ‘ Each molecule therefore throughout 
the universe bears impressed on it the stamp of a 
metric system as distinctly as does the metre of the 
archives at Paris or the double royal cubit of the 
Temple at Karnac.’ ” 


1 'ECHNJCAL. ANALYSIS. 

Manual of Chemical Analysis. B}' E. Prost, D.Sc. 
Translated by J. C. Smith, B.Sc. Pp. iv + 300. 
(London : Maclaren and Sons, 1904.) Price 12s. 6 d. 
net. 

Techno-Chemical Analysis. By Dr. G. Lunge. 
Translated by A. I. Cohn. Pp. vi+136. (New 
York: Wiley and Sons; London: Chapman and 
Hall, Ltd., 1905.) Price 4s. 6 d. net. 

R. FROST’S manual contains a number of 
selected methods dealing more particularly with 
mineral and metal analysis which have been compiled, 
so the preface states, for the use of the “ industrial 
chemist,” and which the author assures us are the 
result of his own experience or that of specialists 
with whom he is in touch. 

The analysis of mineral products—silicates, phos¬ 
phates, clays, cements, iron and iron ores, and the 
assaying of lead, silver, gold, &c., have been so 
fully elaborated that no analyst deserving the name 
would be satisfied without knowing the latest im¬ 
provements in the methods connected with his own 
industry. A chemist in an iron works, for example, 
wants all the information he can obtain from the 
specialist who has made a minute study of iron and 
steel analysis, including the character of etched 
surfaces, and through whose hands a large variety 
of specimens have passed The same, of course, 
applies to raw materials and finished products of other 
manufactures. The works analyst is not a student, 
and though he may wish to be informed on analysis 
in general, it is not essential to his business. 

Does Dr. Prost’s book as a whole fulfil its 
promise? Whilst there is no doubt that many of the 
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methods answer to the description given in the 
preface, and will be found serviceable to the works 
analyst, it must be confessed there are also many 
others which fall short of it. In too many instances 
there is a lack of descriptive detail, an absence of 
reference to recent improvements, and the omission 
of recognised and standard methods. The common 
fault of this class of book is to be too discursive; 
to cover too much ground. The small treatise on one 
subject by an expert like Blair or Ledebur on iron 
and steel analysis, Brown on gold and silver assaying, 
Lunge on the alkali manufacture, is the sort of thing 
one would like to see multiplied. 

The writer has no wish to deal unfairly with the 
manual under review. It is not uniform in 
character, and if the above criticism applies to certain 
sections, it is also abundantly evident that other 
portions have been carefully and conscientiously put 
together by one who possesses a thorough knowledge 
of his subject. Moreover, the introduction of 
mechanical tests, which are too frequently overlooked, 
is a feature deserving mention. The translator’s 
attention should be directed to the mis-spelling of 
Stanfurt for Stassfurth, p. 41, Vollard for Volhard, 
p. 106, and Spiegal for Spiegel, p. 206. The illustra¬ 
tions suffer very much from the rough surface of the 
paper. 

The name of Dr. G. Lunge on the title page of any 
book, and especially one connected with technical 
analysis, would command a careful perusal and a 
thoughtful judgment. It must be confessed that in 
the present case the author has not done himself 
justice. Anyone who purchased the volume in the 
hope of obtaining practical information on techno- 
chemical analysis (the translator’s rendering of 
chemisch-technische L'ntersuehungsmethoden) would, 
to say the least, be disappointed. 

When it is stated that in 128 small octavo pages, 
in addition to “ general operations,” and gas, water, 
and fuel analysis, the analysis of about eighty 
technical inorganic and organic products is described, 
further comment seems superfluous. The subject of 
glycerine, which comes under the section of soap, 
may be taken as a specimen of the method of 
analytical treatment. 

“ Glycerine is found in large quantity only in toilet 
soaps. The method of determining it is given here, 
because it must be examined by itself as an individual 
commercial article, and the glycerine yield of raw 
fats in the manufacture of stearin must also be 
determined. The determination is effected either by 
oxidation with potassium-permanganate solution in 
alkaline solution, precipitating the oxalic acid formed 
as a lime salt, and titrating the latter, or by oxidation 
with normal potassium-dichromate solution, wifh the 
addition of an excess of ferrous sulphate solution of 
known effective value, and then titrating the di¬ 
chromate solution.” 

This occupies half a page, sugar is elaborately 
treated in four pages, tanning in two and a half, 
dyeing in as many as seven, mineral oils, vegetable 
oils, and fats in seven, and so on. The most useful 
page in the volume is the bibliography of important 
works of reference at the beginning, though it is 
scarcely worth the price of the book. J. B. C. 
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